04- 



JP2000046578 

©EPODOC/EPO 

PN - JP2000046578 A 200002 1 8 

11 - APPARATUS FOR MEASURING WALKING STEP 
FI - G01C22/00&W 

PA - MATSUSHITA ELECTRIC IND CO LTD 

IN. \ - AMANO TOMOYASU; KACHI TOSHIHIKO; KIDA JUNICHI; TAKAHASHI YOSHIO 
A? - JP199802I6188 19980730 
PR - JP 199802 1 6188 19980730 
DT - I 

© W.PT / DER WENT 

AN - 2000-227799 [20] 

TI - Walk distance measuring apparatus in aged person monitoring system, measures phase difference between transmitted and received 

soundwave to detect distance walked by aged person 
Aft - JP2000046578 NOVELTY - The transmitter (1 1) and receiver (31). that transmits and receives sound waves are attached to the 

right and left ankle of aged people. The receiver receives the sound wave transmitted from the transmitter. The receiver then 

measures the distance between the transmitter and receiver by measuring the phase difference between the transmitted wave and 

received sound wave. 

- USE - Used for measuring distance walked by aged people, in aged person wandering monitoring system 

- ADVANTAGE - Measures the present position without using the global positioning satellite information and without using special 
sensor. DESCRIPTION OF DRAWING(S) - The figure shows the walk distance measuring apparatus during the walking 
condition. (11) Transmitter; (3 1 ) Receiver. 
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AB - PROBLEM TO BE SOLVED: To measure the distance between a transmitter and receiver by measuring the phase difference 
between sound waves transmitted from sonic wave transmitters mounted on the right and left ankles of a human body and sound 
waves received by a separately provided receiver. 
- SOLUTION: A connector for connecting a transmitter 1 1 and receiver is provided on the side fece of the transmitter 11 at the 
tiptoe side. CPU and clock are provided in the transmitter 1 1 in addition to a transmitter part 14 and mounted on a magic tape 13, 
etc., thereby making them conveniently mountable on the ankle of left foot 1 5 (and right foot). The transmitter 1 1 transmits e.g. a 
transmission sound wave of about 1 00 Hz, a receiver computes the relative distance between the transmitter 1 1 and receiver from 
the phase delay of the received sound wave from the transmitted sound wave. This work is repeated every forward step of the right 
and left feet to discriminate the stepping direction, a fine change of the walking distance in the moving direction is compensated to 
enable the walking distance measurement at a high accuracy. Thus the walking distance and direction of a carrier can be accurately 
measured from the measurement of the step and discrimination of the stepping direction. 
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ABSTRACT : PROBLEM TO BE SOLVED: To measure the distance between a transmitter and receiver 
by measuring the phase difference between sound waves transmitted from sonic wave 
transmitters mounted on the right and left ankles of a human body and sound waves 
received by a separately provided receiver. 

SOLUTION: A connector for connecting a transmitter 1 1 and receiver is provided on the 
side face of the transmitter 1 1 at the tiptoe side. CPU and clock are provided in the 
transmitter 11 in addition to a transmitter part 14 and mounted on a magic tape 13, etc., 
thereby making them conveniently mountable on the ankle of left foot 15 (and right foot). 
The transmitter 1 1 transmits e.g. a transmission sound wave of about 100 Hz, a receiver 
computes the relative distance between the transmitter 1 1 and receiver from the phase 
delay of the received sound wave from the transmitted sound wave. This work is repeated 
every forward step of the right and left feet to discriminate the stepping direction, a fine 
change of the walking distance in the moving direction is compensated to enable the 
walking distance measurement at a high accuracy. Thus the walking distance and 
direction of a carrier can be accurately measured from the measurement of the step and 
discrimination of the stepping direction. 
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JP2000046578 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The step measuring device which the ankle of right and left of the body is equipped with 
in the step measuring device using an acoustic wave, receives the transmitter which transmits an 
acoustic wave, and the acoustic wave transmitted from the above-mentioned transmitter, and is 
characterized by having the receiver which measures the phase contrast of the acoustic wave which 
carried out [ above-mentioned ] transmission, and the this received acoustic wave, and measures the 
distance between the above-mentioned transmitter and this receiver. 

[Claim 2] It is the step measuring device which the above-mentioned transmitter and the above- 
mentioned receiver contain a clock in a step measuring device according to claim 1, respectively, 
and is characterized by it being possible to perform time-of-day doubling of the above-mentioned 
clock which connected this transmitter and this receiver mutually and was built in both sides. 
[Claim 3] It is the step measuring device characterized by being that to which the above-mentioned 
receiver distinguishes landing of a guide peg from change of the distance between the above- 
mentioned transmitter and this receiver in a step measuring device according to claim 1 . 
[Claim 4] It is the step measuring device characterized by being what a guide peg steps toward the 
above-mentioned receiver from change of the distance between the above-mentioned transmitter 
and this receiver in a step measuring device according to claim 1, and distinguishes a direction. 
[Claim 5] In a step measuring device according to claim 1, the location of the transmitting section 
built in the above-mentioned transmitter in the attachment condition to the ankle of the above- 
mentioned transmitter and the above-mentioned receiver, and the receive section built in the above- 
mentioned receiver One side is [ another side ] the back approach of an ankle in the front approach 
of an ankle. The above-mentioned receiver predetermined [ of the distance between the above- 
mentioned transmitting section and the above-mentioned receive section ] - the number of steps - 
the step measuring device characterized by the ability to distinguish with any the ankle of a left leg 
was equipped with any of the above-mentioned transmitter and this receiver from the above change, 
and the ankle of a right leg was equipped. 

[Claim 6] It is the step measuring device characterized by the above-mentioned receiver equipping 
with communication devices, such as a GPS receiver and PHS, and an earth magnetism sensor in a 
step measuring device according to claim 1 to 5. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the approach and equipment which can 
detect walking distance and the walk direction correctly about a step measuring method and 
equipment. 
[0002] 

[Description of the Prior Art] Many problems about old-man care have occurred as the ratio of the 
elderly people who occupy to population increases in recent years. Among this, although many the 
approaches and equipment which take care of prevention or an old man promptly are proposed in 
wandering about a dementia old man's wandering problem, the wandering old-man survey 
instrument which transmits the positional information acquired by GPS especially with 
communication equipment, such as PHS, attracts attention. 

[0003] Said wandering old-man survey instrument makes an old man carry the personal digital 
assistant constituted with communication equipment, such as a GPS circuit and PHS, if a Request to 
Send is advanced by the way, a current old man's location is transmitted from said personal digital 
assistant, it is the system which is the need from the base station arranged to domestic of being 
displayed on the map by the side of a base station, and examination is made by many companies 
and the local self-governing body. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in acquisition 
of the positional information by GPS. 

(1) In the location whose empty, such as an arcade, an underground center, and a foot walk with 
many street trees, cannot be seen In order that the electric wave of a satellite may not reach, 
positional information cannot come to hand. 

[0005] (2) In places which many buildings located, such as a city area, in order that the electric 
wave reflected in the building may interfere, exact positional information cannot be acquired. 
[0006] (3) Since the error component is intentionally inserted in positional information, sufficient 
precision may not be acquired. 

[0007] In order to compensate these troubles, it is necessary to attach a certain sensor in the body, to 
measure walking distance by this, and to amend positional information. Although the amendment 
by the so-called self-contained navigation using the acceleration sensor and oscillating gyroscope 
which were attached in the automobile is developed in the car-navigation system to which current 
spread is progressing, measurement by the acceleration sensor is proposed also in the walk of 
human being (JP,9-152355,A). Moreover, the method of finding walking distance is proposed by 
carrying out multiplication to the step which measured the number of steps at the time of a walk, 
using a sway sensor or a pressure-sensitive sensor as the other approaches, and was measured 
beforehand (the patent registration No. 2552135, others). 

[0008] however, in measurement by the above-mentioned acceleration sensor Since the rate is slow 
as compared with an automobile, the change of acceleration of a walk of human being is a minute 
amount. Since detection is difficult, exact high measurement of precision difficult by measurement 
by the above-mentioned number of steps by the sway sensor and an above-mentioned step The 
conditions that a step is fixed and walks straightly beforehand were required, and since dispersion in 
a step and meandering took place by the old man with a doubtful walk as compared with ordinary 
adults, there was a trouble that an error was expanded as distance increased. 
[0009] In this invention, it was made in order to cancel the above troubles, and it aims at offering 
the step measuring device which can measure the current position where precision is high, without 



using the positional information by GPS. 
[0010] 

[Means for Solving the Problem] The ankle of right and left of the body is equipped with the step 
measuring device concerning claim 1 of this invention, and it receives the transmitter which 
transmits an acoustic wave, and the acoustic wave transmitted from the above-mentioned 
transmitter, and is equipped with the receiver which measures the phase contrast of the acoustic 
wave which carried out [ above-mentioned ] transmission, and the this received acoustic wave, and 
measures the distance between the above-mentioned transmitter and this receiver. 
[001 1] Claim 2 of this invention makes it possible to perform time-of-day doubling of the above- 
mentioned clock which was made to contain a clock in the above-mentioned transmitter and the 
above-mentioned receiver, respectively, connected this transmitter and this receiver to them 
mutually, and was built in both sides in the step measuring device of the claim 1 above-mentioned 
publication. 

[0012] In the step measuring device of the claim 1 above-mentioned publication, as for claim 3 of 
this invention, the above-mentioned receiver distinguishes landing of a guide peg from change of 
the distance between the above-mentioned transmitter and this receiver. 

[0013] In the step measuring device of the claim 1 above-mentioned publication, a guide peg steps 
forward and, as for claim 4 of this invention, the above-mentioned receiver distinguishes a direction 
from change of the distance between the above-mentioned transmitter and this receiver. 
[0014] Claim 5 of this invention is set to the step measuring device of the claim 1 above-mentioned 
publication. The above-mentioned transmitter, And when one side is [ the location of the 
transmitting section built in the above-mentioned transmitter in the attachment condition to the 
ankle of the above-mentioned receiver and the receive section built in the above-mentioned receiver 
] the front approach of an ankle and another side is the back approach of an ankle the above- 
mentioned receiver — predetermined [ of the distance between the above-mentioned transmitting 
section and the above-mentioned receive section ] — the number of steps -- it distinguishes with any 
the ankle of a left leg was equipped with any of the above-mentioned transmitter and this receiver, 
and the ankle of a right leg was equipped from the above change. 

[0015] Claim 6 of this invention equips the above-mentioned receiver with communication devices, 
such as a GPS receiver and PHS, and an earth magnetism sensor in above-mentioned claim 1 
thru/or a step measuring device given in either of 5. 
[0016] 

[Embodiment of the Invention] Hereafter, the step measuring device by the gestalt of operation of 
this invention is explained, referring to drawing. 

[0017] Gestalt 1. drawing 1 of operation - drawing 4 are drawings for explaining the configuration 
of the step measuring device by the gestalt 1 of this operation, and drawing 5 - drawing 9 are 
drawings for explaining actuation of this step measuring device. 

[0018] Drawing 1 is drawing showing the configuration of the transmitter of the step measuring 
device by the gestalt 1 of operation of this invention, and the attachment condition to a left leg. 1 1 is 
a transmitter with which the transmitting section 14 is included in the heel approach of an internal 
guide peg. The connection connector 12 for connecting this transmitter 1 1 and the receiver 31 in 
drawing 3 is formed in the side face by the side of the tiptoe of said transmitter 1 1 . The piece of 
Velcro etc. is attached in 13 and the ankle of a left leg 15 can be equipped now with said transmitter 
1 1 simple. Moreover, drawing 2 is the internal-block Fig. of said transmitter 11, and CPU21 and the 
clock 22 other than said transmitting section 14 are built into the interior of this transmitter 11. 
[0019] Next, drawing 3 is drawing showing the configuration of the receiver of the step measuring 
device by the gestalt of operation of this invention, and the attachment condition to a right leg. 
Inside said receiver 3 1, the receive section 34 is included in the tiptoe approach of a guide peg. The 
connection connector 32 for connecting this receiver 31 and said transmitter 1 1 is formed in the side 
face by the side of the heel of said receiver 3 1 . The piece of Velcro etc. is attached in 33 and the 



ankle of a right leg 35 can be equipped now with said receiver 31 simple. Moreover, drawing 4 is 
the internal-block Fig. of said receiver 31, and CPU41, the clock 42, and the phase detecting 
element 43 other than said receive section 34 are included in the interior of this receiver 31. 
[0020] Moreover, said transmitter 1 1 is carrying out firm output of the time of day of this 
transmitter 1 1 to said connection connector 12, and said receiver 31 will be equipped with the 
function to double the time of day of this receiver 31 at the time of day of this transmitter 1 1 
automatically if the time of day of this transmitter 1 1 comes to be obtained by connection of said 
connection connector 12 and said connection connector 32. 

[0021] Next, actuation is explained. Drawing 5 is drawing showing the relation of the acoustic wave 
transmitted from said transmitter 1 1 at the time of transmitting a 100Hz acoustic wave from said 
transmitter 1 1, and the acoustic wave received with said receiver 31. Said transmitter 1 1 transmits 
the 100Hz transmitted acoustic wave 51, and said receiver 31 calculates the relative distance of said 
transmitter 1 1 and this receiver 3 1 according to the delay 53 of a phase with said transmitted 
acoustic wave 51 of the received received acoustic wave 52. Moreover, 10ms of a 100Hz acoustic 
wave is one period, and said receiver 3 1 compares a phase with a transmitted acoustic wave at 
intervals of 10ms. 

[0022] Next, drawing 6 is drawing showing the condition when equipping an ankle with said 
transmitter 1 1 and said receiver 31, and walking them. 61 shows a left leg, 62 shows a right leg 
here, respectively, and the distance between transmitter-receivers when 64 steps toward a left leg in 
the distance between transmitter-receivers when 63 steps toward a right leg is shown, respectively. 
[0023] Drawing 7 is drawing which graph-ized change of the distance between said transmitter 1 1 
in the condition of drawing 6 , and said receiver 3 1 . When it steps toward a peak 71 with a left leg 
near at hand then, as a right leg steps toward DIP 72, it is a time of coming beside a left leg, and a 
peak 73 is a time of stepping forward with a right leg near at hand. Therefore, if the distance of said 
transmitter 1 1 and said receiver 31 is measured continuously, it can be considered that the distance 
of a peak period is a step. 

[0024] Next, drawing 8 is drawing in the walk condition of equipping with the above-mentioned 
step measuring device, in which a guide peg's stepping toward and showing the amendment 
approach of change of walking distance for the travelling direction by change of a direction. 
801,803,804,805 is the left leg which equipped the ankle with said transmitter 1 1, and 802 is the 
right leg which equipped the ankle with said receiver 31. In drawing, from said left leg 801 just 
before starting measurement, when it steps toward said first right leg 802 of the 1st step, it considers 
that the spacing 821 of said left leg 801 and said right leg 802 is the fixed value of 15cm, and a 
normal coordinate 83 1 is determined. This activity is only once done at the time of measurement 
initiation, and said normal coordinate 831 does not need to be required in order to express the 
migration location of both guide pegs on a coordinate to the last, and it does not need to be in 
agreement with a subsequent travelling direction. Therefore, any value is sufficient as the spacing 
821 of said both guide pegs. Here, it is set as 15cm as spacing of both the usual average guide pegs. 
Next, a left leg 805 is in the condition which stepped toward an old travelling direction and the old 
same direction with the include angle to the left leg 803 at the time of stepping toward a guide peg 
delicately, and measures the distance 812 from said right leg 802 in the left leg 804 in the midpoint 
of the time amount which is moving from said left leg 801 to said left leg 805. A cosine theorem is 
applied to three parameters, this distance 812, the distance 813 of said left leg 805 and said right leg 
802, and the distance 81 1 of said left leg 801 and said right leg 802, and the distance from said right 
leg 802 to said left leg 805 is computed to said normal coordinate 831 by decomposing into the 
parallel displacement distance 822 and the vertical migration distance 823. 
[0025] Henceforth, whenever it steps toward a guide peg, by repeating the above-mentioned 
activity, it can step forward, a direction can be distinguished, a delicate change of the walking 
distance to a travelling direction can be amended, and accurate walking distance can be measured. 
[0026] Next, drawing 9 is drawing which graph-ized change of the distance of said transmitter 1 1 



and said receiver 3 1 . Since said receive section 34 is attached in the back approach of a right leg 
neck for said transmitting section 14 by the front approach of a left leg neck with the gestalt 1 of 
this operation The relative distance 92 of both the guide pegs when stepping toward said 
transmitting section 14 and said receive section 34 with a left leg near at hand to the change 91 of 
the relative distance at the time of attaching in the core of an ankle at the time of a walk becomes 
long, and the relative distance 93 of both the guide pegs when stepping forward with a right leg near 
at hand becomes short. The difference of this relative distance is detected from walk data, and a 
guide peg on either side is distinguished, a delicate change of the walking distance which this 
showed by drawing 8 - right and left - it can recognize on which foot it has generated. 
[0027] Thus, according to the gestalt 1 of this operation, a wearing person's walking distance and 
walk direction of a step measuring device can be acquired for the exact current position where 
precision is high measurement of a step, and by stepping forward and measuring correctly by 
distinction of a direction. 

[0028] In addition, although the receiver with which the receive section was included in the left leg 
by the tiptoe approach of an internal guide peg in the transmitter with which the transmitting section 
was included in the heel approach of an internal guide peg was attached in the right leg with the 
gestalt 1 of the above-mentioned implementation, respectively This is good also as that by which 
the transmitter was attached in the right leg and it attached the receiver in the left leg, respectively, 
or good also as what included the transmitting section in the tiptoe approach of the guide peg inside 
a transmitter, and included the receive section in the heel approach of the guide peg inside a 
receiver. 

[0029] Gestalt 2. drawing 1 0 of operation is drawing showing the wandering old-man survey 
instrument in the gestalt 2 of the operation of this invention which equipped the receiver of the step 
measuring device by the gestalt 1 of the above-mentioned implementation with GPS, PHS, and an 
earth magnetism sensor, and drawing 1 1 is the internal-block Fig. of the above-mentioned receiver. 
[0030] In drawing 10 and drawing 1 1 , 105 is a receiver with which the GPS antenna 101, the GPS 
unit 113, and the earth magnetism sensor 103 are built into the interior, and is connected through 
the external cable 102 in external PHS 104. Moreover, about the configuration of others of said 
receiver 105, it has a receive section 106, the connection connector 107, CPU1 1 1, the phase 
detecting element 1 12, and a clock 1 14 like the thing of the gestalt 1 of operation, respectively. In 
addition, about the configuration of a transmitter, it is the same as that of the thing of the gestalt 1 of 
operation. 

[0031] The above-mentioned wandering old-man survey instrument is a system which said CPU1 1 1 
receives the positional information which let said GPS unit 113 pass from said GPS antenna 101 
with which said receiver 105 was equipped, and is automatically transmitted to a domestic base 
station with a fixed time interval from said PHS 104 through said external cable 102. Or you may be 
the system which transmits positional information according to the call from the Family Bureau 
side. 

[0032] Next, actuation is explained. First, if an old man goes out from a residence in the condition 
of having equipped with the above-mentioned wandering old-man survey instrument, the positional 
information by GPS will come to hand. Since the LAT LONG of a residence is a known value, it 
can cancel the error component of the positional information by early GPS by inputting on the basis 
of the location of a residence beforehand. Said step measuring device receives bearing from said 
earth magnetism sensor 103, distinguishes the walk direction and starts the migration length 
measurement by the step. In the condition that the positional information by GPS and the positional 
information by said step measuring device shift gradually, it judges that the positional information 
by said step measuring device is wrong, and amends by multiplying a step by the fixed numeric 
value. Step measuring accuracy is raised by performing this amendment at fixed spacing. 
[0033] On the other hand, although the positional information by GPS is usually used, when the 
positional information by GPS differs from the positional information by said step measuring 



device greatly, it judges that the error component of the positional information by GPS increased, 
and the positional information by said step measuring device is used. It is in the middle of going 
out, and puts in an arcade or a location with many street trees, and when it changes into the 
condition that the positional information by GPS is not acquired, the positional information by said 
step measuring device and the bearing information by said earth magnetism sensor 103 perform 
current position measurement. 

[0034] Drawing 12 is drawing showing the condition of stopping and stopping in an arcade the old 
man who carried the above-mentioned wandering old-man survey instrument walking, and then 
having begun to return the original path, since a GPS signal is not acquired for the reason in an 
arcade - the wave of step measurement - an old man's action is measured by the bearing 122 
which 121 and said earth magnetism sensor 103 show. 

[0035] When the condition that the old man is walking in the north direction is now set to 123, the 
bearing 122 which said earth magnetism sensor shows points to north, and the wave of step 
measurement in the condition of 124 - when 121 stopped changing, it is recognized that the old 
man stopped. Then, in the condition of 125, the bearing 122 which said earth magnetism sensor 
shows catches change of a direction, and it is recognized that the old man turned to the reverse 
direction, the condition of further 126 - the wave of said step measurement - 121 begins 
fluctuation and it is recognized that an old man began to walk again. 

[0036] Moreover, if it inputs on the basis of the location of a residence beforehand even if it is a 
case so that the door of a residence may be in an arcade and the positional information by GPS may 
not be acquired from a depature point as further ill condition, the current position can be measured 
as migration length from there. 

[0037] thus, in the wandering old-man survey instrument using GPS by the gestalt 2 of this 
operation In the effectiveness of the gestalt 1 of the above-mentioned implementation a wearing 
person's walking distance and walk direction of a step measuring device measurement of a step, and 
by stepping forward and measuring correctly by distinction of a direction In addition to the ability 
to have obtained the exact current position where precision is high, the exact current position can be 
obtained in a further more high precision by having used GPS. 

[0038] In addition, it is [0039]. [ good as that for which this used other means of communications 
although PHS was used for transmitting positional information with the gestalt 2 of this operation ] 
[Effect of the Invention] The transmitter with which the ankle of right and left of the body is 
equipped and which according to the step measuring device applied to claim 1 of this invention as 
mentioned above transmits an acoustic wave, Since it had the receiver which receives the acoustic 
wave transmitted from the above-mentioned transmitter, measures the phase contrast of the acoustic 
wave which carried out [ above-mentioned ] transmission, and the this received acoustic wave, and 
measures the distance between the above-mentioned transmitter and this receiver, it is effective in a 
step being calculable with the distance which carried out [ above-mentioned ] measurement. 
[0040] Since it is possible to perform time-of-day doubling of the above-mentioned clock which the 
above-mentioned transmitter and the above-mentioned receiver contained the clock, respectively, 
connected this transmitter and this receiver mutually in the step measuring device of claim 1, and 
was built in both sides according to claim 2 of this invention, it is effective in the need of 
connecting both above-mentioned transmitter and above-mentioned receiver by a cable etc. at the 
time of measurement being lost. 

[0041] According to claim 3 of this invention, in the step measuring device of claim 1, since 
landing of a guide peg is distinguished from change of the distance between the above-mentioned 
transmitter and this receiver, the above-mentioned receiver can recognize landing of a guide peg, 
without using a pressure-sensitive sensor, a foot switch, etc. to a flesh side of a guide peg, and is 
effective in the ability to perform exact step measurement. 

[0042] According to claim 4 of this invention, in the step measuring device of claim 1, since a guide 
peg steps forward and a direction is distinguished from change of the distance between the above- 



mentioned transmitter and this receiver, the above-mentioned receiver is effective in the ability to 
recognize change of the delicate travelling direction during a walk, without using a special sensor. 
[0043] According to claim 5 of this invention, it sets to the step measuring device of claim 1 . The 
above-mentioned transmitter, And the location of a receive section built in the transmitting section 
and the above-mentioned receiver in the attachment condition to the ankle of the above-mentioned 
receiver which were built in the above-mentioned transmitter One side is [ another side ] the back 
approach of an ankle in the front approach of an ankle. The above-mentioned receiver 
predetermined [ of the distance between the above-mentioned transmitting section and this receive 
section ] - the number of steps, since it can distinguish with any the ankle of a left leg was 
equipped with any of the above-mentioned transmitter and the above-mentioned receiver, and the 
ankle of a right leg was equipped from the above change right and left — it is effective in the ability 
to distinguish without using a special sensor in to which it is going to go. 
[0044] According to claim 6 of this invention, since the above-mentioned receiver was equipped 
with communication devices, such as a GPS receiver and PHS, and an earth magnetism sensor in 
the step measuring device according to claim 1 to 5, even when it becomes impossible to receive a 
GPS signal in an arcade etc., it is effective in the current position being correctly detectable by 
performing current position amendment by the earth magnetism sensor and step measurement. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the approach and equipment which can 
detect walking distance and the walk direction correctly about a step measuring method and 
equipment. 



PRIOR ART 



[Description of the Prior Art] Many problems about old-man care have occurred as the ratio of the 
elderly people who occupy to population increases in recent years. Among this, although many the 
approaches and equipment which take care of prevention or an old man promptly are proposed in 
wandering about a dementia old man's wandering problem, the wandering old-man survey 
instrument which transmits the positional information acquired by GPS especially with 
communication equipment, such as PHS, attracts attention. 

[0003] Said wandering old-man survey instrument makes an old man carry the personal digital 
assistant constituted with communication equipment, such as a GPS circuit and PHS, if a Request to 
Send is advanced by the way, a current old man's location is transmitted from said personal digital 
assistant, it is the system which is the need from the base station arranged to domestic of being 
displayed on the map by the side of a base station, and examination is made by many companies 
and the local self-governing body. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The transmitter with which the ankle of right and left of the body is 
equipped and which according to the step measuring device applied to claim 1 of this invention as 
mentioned above transmits an acoustic wave, Since it had the receiver which receives the acoustic 
wave transmitted from the above-mentioned transmitter, measures the phase contrast of the acoustic 
wave which carried out [ above-mentioned ] transmission, and the this received acoustic wave, and 



measures the distance between the above-mentioned transmitter and this receiver, it is effective in a 
step being calculable with the distance which carried out [ above-mentioned ] measurement. 
[0040] Since it is possible to perform time-of-day doubling of the above-mentioned clock which the 
above-mentioned transmitter and the above-mentioned receiver contained the clock, respectively, 
connected this transmitter and this receiver mutually in the step measuring device of claim 1, and 
was built in both sides according to claim 2 of this invention, it is effective in the need of 
connecting both above-mentioned transmitter and above-mentioned receiver by a cable etc. at the 
time of measurement being lost. 

[0041] According to claim 3 of this invention, in the step measuring device of claim 1, since 
landing of a guide peg is distinguished from change of the distance between the above-mentioned 
transmitter and this receiver, the above-mentioned receiver can recognize landing of a guide peg, 
without using a pressure-sensitive sensor, a foot switch, etc. to a flesh side of a guide peg, and is 
effective in the ability to perform exact step measurement. 

[0042] According to claim 4 of this invention, in the step measuring device of claim 1, since a guide 
peg steps forward and a direction is distinguished from change of the distance between the above- 
mentioned transmitter and this receiver, the above-mentioned receiver is effective in the ability to 
recognize change of the delicate travelling direction during a walk, without using a special sensor. 
[0043] According to claim 5 of this invention, in the step measuring device of claim 1, one side is 
the front approach of an ankle and another side of the location of a receive section built in the 
transmitting section and the above-mentioned receiver in the attachment condition to the ankle of 
the above-mentioned transmitter and the above-mentioned receiver which were built in the above- 
mentioned transmitter is the back approach of an ankle, the above-mentioned receiver — 
predetermined [ of the distance between the above-mentioned transmitting section and this receive 
section ] - the number of steps - since it can distinguish with any the ankle of a left leg was 
equipped with any of the above-mentioned transmitter and the above-mentioned receiver, and the 
ankle of a right leg was equipped from the above change - right and left - it is effective in the 
ability to distinguish without using a special sensor in to which it is going to go. 
[0044] According to claim 6 of this invention, since the above-mentioned receiver was equipped 
with communication devices, such as a GPS receiver and PHS, and an earth magnetism sensor in 
the step measuring device according to claim 1 to 5, even when it becomes impossible to receive a 
GPS signal in an arcade etc., it is effective in the current position being correctly detectable by 
performing current position amendment by the earth magnetism sensor and step measurement. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there are the following troubles in acquisition 
of the positional information by GPS. 

(1) In the location whose empty, such as an arcade, an underground center, and a foot walk with 
many street trees, cannot be seen In order that the electric wave of a satellite may not reach, 
positional information cannot come to hand. 

[0005] (2) In places which many buildings located, such as a city area, in order that the electric 
wave reflected in the building may interfere, exact positional information cannot be acquired. 
[0006] (3) Since the error component is intentionally inserted in positional information, sufficient 
precision may not be acquired. 

[0007] In order to compensate these troubles, it is necessary to attach a certain sensor in the body, to 
measure walking distance by this, and to amend positional information. Although the amendment 
by the so-called self-contained navigation using the acceleration sensor and oscillating gyroscope 
which were attached in the automobile is developed in the car-navigation system to which current 
spread is progressing, measurement by the acceleration sensor is proposed also in the walk of 



human being (JP,9-1 52355,A). Moreover, the method of finding walking distance is proposed by 
carrying out multiplication to the step which measured the number of steps at the time of a walk, 
using a sway sensor or a pressure-sensitive sensor as the other approaches, and was measured 
beforehand (the patent registration No. 2552135, others). 

[0008] however, in measurement by the above-mentioned acceleration sensor Since the rate is slow 
as compared with an automobile, the change of acceleration of a walk of human being is a minute 
amount. Since detection is difficult, exact high measurement of precision difficult by measurement 
by the above-mentioned number of steps by the sway sensor and an above-mentioned step The 
conditions that a step is fixed and walks straightly beforehand were required, and since dispersion in 
a step and meandering took place by the old man with a doubtful walk as compared with ordinary 
adults, there was a trouble that an error was expanded as distance increased. 
[0009] In this invention, it was made in order to cancel the above troubles, and it aims at offering 
the step measuring device which can measure the current position where precision is high, without 
using the positional information by GPS. 



MEANS 



[Means for Solving the Problem] The ankle of right and left of the body is equipped with the step 
measuring device concerning claim 1 of this invention, and it receives the transmitter which 
transmits an acoustic wave, and the acoustic wave transmitted from the above-mentioned 
transmitter, and is equipped with the receiver which measures the phase contrast of the acoustic 
wave which carried out [ above-mentioned ] transmission, and the this received acoustic wave, and 
measures the distance between the above-mentioned transmitter and this receiver. 
[001 1] Claim 2 of this invention makes it possible to perform time-of-day doubling of the above- 
mentioned clock which was made to contain a clock in the above-mentioned transmitter and the 
above-mentioned receiver, respectively, connected this transmitter and this receiver to them 
mutually, and was built in both sides in the step measuring device of the claim 1 above-mentioned 
publication. 

[0012] In the step measuring device of the claim 1 above-mentioned publication, as for claim 3 of 
this invention, the above-mentioned receiver distinguishes landing of a guide peg from change of 
the distance between the above-mentioned transmitter and this receiver. 

[0013] In the step measuring device of the claim 1 above-mentioned publication, a guide peg steps 
forward and, as for claim 4 of this invention, the above-mentioned receiver distinguishes a direction 
from change of the distance between the above-mentioned transmitter and this receiver. 
[0014] Claim 5 of this invention is set to the step measuring device of the claim 1 above-mentioned 
publication. The above-mentioned transmitter, And when one side is [ the location of the 
transmitting section built in the above-mentioned transmitter in the attachment condition to the 
ankle of the above-mentioned receiver and the receive section built in the above-mentioned receiver 
] the front approach of an ankle and another side is the back approach of an ankle the above- 
mentioned receiver — predetermined [ of the distance between the above-mentioned transmitting 
section and the above-mentioned receive section ] - the number of steps - it distinguishes with any 
the ankle of a left leg was equipped with any of the above-mentioned transmitter and this receiver, 
and the ankle of a right leg was equipped from the above change. 

[0015] Claim 6 of this invention equips the above-mentioned receiver with communication devices, 
such as a GPS receiver and PHS, and an earth magnetism sensor in above-mentioned claim 1 
thru/or a step measuring device given in either of 5. 
[0016] 

[Embodiment of the Invention] Hereafter, the step measuring device by the gestalt of operation of 
this invention is explained, referring to drawing. 



[00 1 7] Gestalt 1 . drawing 1 of operation - drawing 4 are drawings for explaining the configuration 
of the step measuring device by the gestalt 1 of this operation, and drawing 5 - drawing 9 are 
drawings for explaining actuation of this step measuring device. 

[001 8] Drawing 1 is drawing showing the configuration of the transmitter of the step measuring 
device by the gestalt 1 of operation of this invention, and the attachment condition to a left leg. 1 1 is 
a transmitter with which the transmitting section 14 is included in the heel approach of an internal 
guide peg. The connection connector 12 for connecting this transmitter 1 1 and the receiver 3 1 in 
drawing 3 is formed in the side face by the side of the tiptoe of said transmitter 1 1 . The piece of 
Velcro etc. is attached in 13 and the ankle of a left leg 15 can be equipped now with said transmitter 
1 1 simple. Moreover, drawing 2 is the internal-block Fig. of said transmitter 1 1, and CPU21 and the 
clock 22 other than said transmitting section 14 are built into the interior of this transmitter 1 1 . 
[0019] Next, drawing 3 is drawing showing the configuration of the receiver of the step measuring 
device by the gestalt of operation of this invention, and the attachment condition to a right leg. 
Inside said receiver 31, the receive section 34 is included in the tiptoe approach of a guide peg. The 
connection connector 32 for connecting this receiver 31 and said transmitter 1 1 is formed in the side 
face by the side of the heel of said receiver 3 1 . The piece of Velcro etc. is attached in 33 and the 
ankle of a right leg 35 can be equipped now with said receiver 3 1 simple. Moreover, drawing 4 is 
the internal-block Fig. of said receiver 3 1 , and CPU41, the clock 42, and the phase detecting 
element 43 other than said receive section 34 are included in the interior of this receiver 3 1 . 
[0020] Moreover, said transmitter 1 1 is carrying out firm output of the time of day of this 
transmitter 1 1 to said connection connector 12, and said receiver 31 will be equipped with the 
function to double the time of day of this receiver 3 1 at the time of day of this transmitter 1 1 
automatically if the time of day of this transmitter 1 1 comes to be obtained by connection of said 
connection connector 12 and said connection connector 32. 

[0021] Next, actuation is explained. Drawing 5 is drawing showing the relation of the acoustic wave 
transmitted from said transmitter 11 at the time of transmitting a 1 00Hz acoustic wave from said 
transmitter 1 1 , and the acoustic wave received with said receiver 3 1 . Said transmitter 1 1 transmits 
the 100Hz transmitted acoustic wave 51, and said receiver 31 calculates the relative distance of said 
transmitter 1 1 and this receiver 3 1 according to the delay 53 of a phase with said transmitted 
acoustic wave 51 of the received received acoustic wave 52. Moreover, 10ms of a 100Hz acoustic 
wave is one period, and said receiver 3 1 compares a phase with a transmitted acoustic wave at 
intervals of 10ms. 

[0022] Next, drawing 6 is drawing showing the condition when equipping an ankle with said 
transmitter 1 1 and said receiver 31, and walking them. 61 shows a left leg, 62 shows a right leg 
here, respectively, and the distance between transmitter-receivers when 64 steps toward a left leg in 
the distance between transmitter-receivers when 63 steps toward a right leg is shown, respectively. 
[0023] Drawing 7 is drawing which graph-ized change of the distance between said transmitter 1 1 
in the condition of drawing 6 , and said receiver 3 1 . When it steps toward a peak 71 with a left leg 
near at hand then, as a right leg steps toward DIP 72, it is a time of coming beside a left leg, and a 
peak 73 is a time of stepping forward with a right leg near at hand. Therefore, if the distance of said 
transmitter 1 1 and said receiver 31 is measured continuously, it can be considered that the distance 
of a peak period is a step. 

[0024] Next, drawing 8 is drawing in the walk condition of equipping with the above-mentioned 
step measuring device, in which a guide peg's stepping toward and showing the amendment 
approach of change of walking distance for the travelling direction by change of a direction. 
801,803,804,805 is the left leg which equipped the ankle with said transmitter 11, and 802 is the 
right leg which equipped the ankle with said receiver 31. In drawing, from said left leg 801 just 
before starting measurement, when it steps toward said first right leg 802 of the 1st step, it considers 
that the spacing 821 of said left leg 801 and said right leg 802 is the fixed value of 1 5cm, and a 
normal coordinate 831 is determined. This activity is only once done at the time of measurement 



initiation, and said normal coordinate 83 1 does not need to be required in order to express the 
migration location of both guide pegs on a coordinate to the last, and it does not need to be in 
agreement with a subsequent travelling direction. Therefore, any value is sufficient as the spacing 
821 of said both guide pegs. Here, it is set as 15cm as spacing of both the usual average guide pegs. 
Next, a left leg 805 is in the condition which stepped toward an old travelling direction and the old 
same direction with the include angle to the left leg 803 at the time of stepping toward a guide peg 
delicately, and measures the distance 812 from said right leg 802 in the left leg 804 in the midpoint 
of the time amount which is moving from said left leg 801 to said left leg 805. A cosine theorem is 
applied to three parameters, this distance 812, the distance 813 of said left leg 805 and said right leg 
802, and the distance 81 1 of said left leg 801 and said right leg 802, and the distance from said right 
leg 802 to said left leg 805 is computed to said normal coordinate 831 by decomposing into the 
parallel displacement distance 822 and the vertical migration distance 823. 
[0025] Henceforth, whenever it steps toward a guide peg, by repeating the above-mentioned 
activity, it can step forward, a direction can be distinguished, a delicate change of the walking 
distance to a travelling direction can be amended, and accurate walking distance can be measured. 
[0026] Next, drawing 9 is drawing which graph-ized change of the distance of said transmitter 1 1 
and said receiver 3 1 . Since said receive section 34 is attached in the back approach of a right leg 
neck for said transmitting section 14 by the front approach of a left leg neck with the gestalt 1 of 
this operation The relative distance 92 of both the guide pegs when stepping toward said 
transmitting section 14 and said receive section 34 with a left leg near at hand to the change 91 of 
the relative distance at the time of attaching in the core of an ankle at the time of a walk becomes 
long, and the relative distance 93 of both the guide pegs when stepping forward with a right leg near 
at hand becomes short. The difference of this relative distance is detected from walk data, and a 
guide peg on either side is distinguished, a delicate change of the walking distance which this 
showed by drawing 8 -- right and left — it can recognize on which foot it has generated. 
[0027] Thus, according to the gestalt 1 of this operation, a wearing person's walking distance and 
walk direction of a step measuring device can be acquired for the exact current position where 
precision is high measurement of a step, and by stepping forward and measuring correctly by 
distinction of a direction. 

[0028] In addition, although the receiver with which the receive section was included in the left leg 
by the tiptoe approach of an internal guide peg in the transmitter with which the transmitting section 
was included in the heel approach of an internal guide peg was attached in the right leg with the 
gestalt 1 of the above-mentioned implementation, respectively This is good also as that by which 
the transmitter was attached in the right leg and it attached the receiver in the left leg, respectively, 
or good also as what included the transmitting section in the tiptoe approach of the guide peg inside 
a transmitter, and included the receive section in the heel approach of the guide peg inside a 
receiver. 

[0029] Gestalt 2. drawing 10 of operation is drawing showing the wandering old-man survey 
instrument in the gestalt 2 of the operation of this invention which equipped the receiver of the step 
measuring device by the gestalt 1 of the above-mentioned implementation with GPS, PHS, and an 
earth magnetism sensor, and drawing 1 1 is the internal-block Fig. of the above-mentioned receiver. 
[0030] In drawing 10 and drawing 1 1 , 105 is a receiver with which the GPS antenna 101, the GPS 
unit 113, and the earth magnetism sensor 103 are built into the interior, and is connected through 
the external cable 102 in external PHS 104. Moreover, about the configuration of others of said 
receiver 105, it has a receive section 106, the connection connector 107, CPU1 1 1, the phase 
detecting element 1 12, and a clock 1 14 like the thing of the gestalt 1 of operation, respectively. In 
addition, about the configuration of a transmitter, it is the same as that of the thing of the gestalt 1 of 
operation. 

[0031] The above-mentioned wandering old-man survey instrument is a system which said CPU1 1 1 
receives the positional information which let said GPS unit 113 pass from said GPS antenna 101 



with which said receiver 105 was equipped, and is automatically transmitted to a domestic base 
station with a fixed time interval from said PHS104 through said external cable 102. Or you may be 
the system which transmits positional information according to the call from the Family Bureau 
side. 

[0032] Next, actuation is explained. First, if an old man goes out from a residence in the condition 
of having equipped with the above-mentioned wandering old-man survey instrument, the positional 
information by GPS will come to hand. Since the LAT LONG of a residence is a known value, it 
can cancel the error component of the positional information by early GPS by inputting on the basis 
of the location of a residence beforehand. Said step measuring device receives bearing from said 
earth magnetism sensor 103, distinguishes the walk direction and starts the migration length 
measurement by the step. In the condition that the positional information by GPS and the positional 
information by said step measuring device shift gradually, it judges that the positional information 
by said step measuring device is wrong, and amends by multiplying a step by the fixed numeric 
value. Step measuring accuracy is raised by performing this amendment at fixed spacing. 
[0033] On the other hand, although the positional information by GPS is usually used, when the 
positional information by GPS differs from the positional information by said step measuring 
device greatly, it judges that the error component of the positional information by GPS increased, 
and the positional information by said step measuring device is used. It is in the middle of going 
out, and puts in an arcade or a location with many street trees, and when it changes into the 
condition that the positional information by GPS is not acquired, the positional information by said 
step measuring device and the bearing information by said earth magnetism sensor 103 perform 
current position measurement. 

[0034] Drawing 12 is drawing showing the condition of stopping and stopping in an arcade the old 
man who carried the above-mentioned wandering old-man survey instrument walking, and then 
having begun to return the original path, since a GPS signal is not acquired for the reason in an 
arcade — the wave of step measurement — an old man's action is measured by the bearing 1 22 
which 121 and said earth magnetism sensor 103 show. 

[0035] When the condition that the old man is walking in the north direction is now set to 123, the 
bearing 122 which said earth magnetism sensor shows points to north, and the wave of step 
measurement in the condition of 124 - when 121 stopped changing, it is recognized that the old 
man stopped. Then, in the condition of 125, the bearing 122 which said earth magnetism sensor 
shows catches change of a direction, and it is recognized that the old man turned to the reverse 
direction, the condition of further 126 - the wave of said step measurement - 121 begins 
fluctuation and it is recognized that an old man began to walk again. 

[0036] Moreover, if it inputs on the basis of the location of a residence beforehand even if it is a 
case so that the door of a residence may be in an arcade and the positional information by GPS may 
not be acquired from a depature point as further ill condition, the current position can be measured 
as migration length from there. 

[0037] thus, in the wandering old-man survey instrument using GPS by the gestalt 2 of this 
operation In the effectiveness of the gestalt 1 of the above-mentioned implementation a wearing 
person's walking distance and walk direction of a step measuring device measurement of a step, and 
by stepping forward and measuring correctly by distinction of a direction In addition to the ability 
to have obtained the exact current position where precision is high, the exact current position can be 
obtained in a further more high precision by having used GPS. 

[0038] In addition, although PHS was used for transmitting positional information with the gestalt 2 
of this operation, this is good also as what used other means of communications. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the appearance Fig. of the transmitter of the step measuring device in the gestalt 1 
of operation of this invention. 

[Drawing 2] It is the internal -block Fig. showing the configuration of the transmitter of the above- 
mentioned step measuring device. 

[Drawing 3] It is the appearance Fig. of the receiver of the above-mentioned step measuring device. 
[Drawing 4] It is the internal-block Fig. showing the configuration of the receiver of the above- 
mentioned step measuring device. 

[Drawing 51 It is the phase-comparison Fig. of the transceiver acoustic wave of the above- 
mentioned step measuring device. 

[Drawing 6| It is drawing showing the walk condition of equipping with the above-mentioned step 
measuring device. 

[Drawing 71 It is drawing showing the relative distance between the transmitter-receivers in the 

walk condition of equipping with the above-mentioned step measuring device. 

[Drawing 81 It is drawing in the walk condition of equipping with the above-mentioned step 

measuring device, in which a guide peg's stepping toward and showing the amendment approach of 

change of walking distance for the travelling direction by change of a direction. 

[Drawing 9] It is drawing showing the distinction approach of the guide peg the right and left in the 

walk condition of equipping with the above-mentioned step measuring device. 

[Drawing 1 01 It is drawing showing the wandering old-man survey instrument equipped with the 

above-mentioned step measuring device in the gestalt 2 of operation of this invention. 

[D rawing 1 1] It is the internal-block Fig. showing the configuration of the receiver of the wandering 

old-man survey instrument equipped with the above-mentioned step measuring device. 

[Drawing 121 It is drawing showing the condition of stopping and stopping in an arcade the old man 

who carried the wandering old-man survey instrument walking, and then having begun to return the 

original path. 

[Description of Notations] 

1 1 Transmitter 

12 32,107 Connection connector 

13 33 Piece of Velcro etc. 

14 Transmitting Section 

15 Left Leg 
21,41,111 CPU 
22 42,1 14 Clock 
31 Receiver 

34,106 Receive section 
35 Right Leg 

43,1 12 Phase detecting element 

61 Left Leg 

62 Right Leg 

63 Distance between Transceiver Sections when Stepping toward Right Leg 

64 Distance between Transceiver Sections when Stepping toward Left Leg 

101 GPS Antenna 

102 External Cable 

103 Earth Magnetism Sensor 
104PHS 

105 Receiver 113 GPS Unit 
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